INTRODUCTION
============

Healthcare-associated infections (HAI) pose a threat to hospitalized patients worldwide.[@B20] Their incidence is higher in developing countries, where problems with human resources, technical expertise, and laboratory support hinder infection control policies.[@B1] Traditionally, the occurrence of HAI has been attributed to patient fragilities, invasive procedures, use of antimicrobials, and other work processes.[@B5] However, recent studies indicate the role of climate and weather as additional epidemiological determinants of HAI incidence and etiology.[@B16] ^,^ [@B20] This novel approach may include those infections in the wide group of seasonal diseases, alongside dengue fever and influenza.[@B10]

Summer peaks of gram-negative bacilli (GNB) infections in healthcare settings have been reported in developed countries with temperate climates.[@B9] ^,^ [@B14] ^,^ [@B19] These countries have well-defined seasons, and hospitals are artificially climatized.[@B22] ^,^ [@B24] On the other hand, data on the seasonality of HAI pathogens in developing countries, which generally lack those characteristics, are scarce.[@B21] In a previous study conducted in a Brazilian hospital, seasonality was identified in the incidence of bloodstream infections caused by overall GNB and specific pathogens such as *Acinetobacter baumannii*.[@B11]

In all the above mentioned studies, an ecological approach was applied and aggregate data were analyzed. Therefore, it remains to be identified how and to what extent does the weather influence the likelihood of acquiring HAI on an individual basis.

This study was aimed at evaluating if temperature and humidity influence the etiology of bloodstream infections (BSI) in a hospital from 2005 to 2010.

METHODS
=======

This study was conducted at the *Hospital das Clínicas* of *Faculdade de Medicina de Botucatu* (HCFMB). The hospital is located in a semi-urban area in the city of Botucatu, Sao Paulo State, Brazil (22°53′09″S, 48°26′42″W). The hospital has 450 beds, 90.0% of which are distributed among non-climatized units. There are several balconies, large windows, and wide corridors with openings to the external environment. HCFMB is a teaching hospital for medical and nursing graduate students as well as for interns, residents, and postgraduates. It is also a facility for tertiary care for several municipalities in the surrounding area, which comprises a million inhabitants.

The hospital has its own microbiology laboratory and an infection control committee, constituted in accordance with Brazilian sanitary regulations.

The study had a case-referent design, and its sample group consisted of subjects who had a laboratory-confirmed, healthcare-associated BSI (HA-BSI) from 2005 to 2010. For typical bacterial pathogens (e.g., *Staphylococcus aureus, Enterococci*, *Klebsiella*spp., *A. baumannii)*or fungi, a single positive blood culture defined BSI. For coagulase-negative *Staphylococci*(CoNS), positivity in two blood cultures from the same day was required.[@B13] As recommended by the Society for Healthcare Epidemiology of America,[@B3] in association with healthcare, the three-midnight rule was applied, i.e., only BSI diagnosed based on culture collection after the third day of admission were defined as HA-BSI.

All cultures were collected based on the attending physicians' request. Although there was no strict decision-making protocol for requesting microbiological tests, doctors were encouraged to collect blood cultures from patients with suspected HAI. This was in accordance with the United States Centers for Diseases Control and Prevention (CDC) diagnostic guidelines in effect during the study period, including their most recent version.[@B13] For the purposes of the present study, primary or catheter-related BSI were not differentiated from those secondary to other sites of infection.

Data from positive cultures were obtained in files from the microbiology laboratory in HCFMB. A database for HA-BSI was created based on the definitions described above. Duplications, defined as positive cultures for the same pathogen in the same subject within a 30-day period, were excluded. All other patient data such as sex, age, hospital unit, and length of stay were recovered from administrative files. Data on temperature and humidity for the city of Botucatu were obtained in the Department of Soil Science and Natural Resources from the *Faculdade de Agronomia de Botucatu*.

Average temperature and humidity data from the seven days preceding the collection of cultures (comprising the day of collection and the six previous days) were calculated for each case subject. An overall reference was obtained from the moving average of the seventh order of daily weather parameters (i.e., the average for every seven-day period) for the whole study period. In the first phase of this study, the parameters for subjects groups were compared based on etiology \[fungi, bacteria, Gram-positive cocci (GPC), GNB, or *A. baumannii*\] with the period reference, using the Student's t-test. The second study phase consisted of the fitting of logistic regression models, including HA-BSI subjects. The outcomes of interest were etiological agents: bacteria (*versus* fungi), GNB (*versus* GPC), and *A. baumannii*(*versus*other GNB). The immediate seven-day weather parameters were analyzed in an initial non-adjusted (univariate) step, in multivariable models adjusting temperature and humidity for each other, as well as for subject demographics (age, sex, etc.) and admission data (unit of admission and length of stay previous to BSI diagnosis). All tests, models and graphics were performed or built with SPSS 19.0 (IBM, Armonk, NY, USA). The level of significance was p \< 0.05.

The study was approved by the Committee for Ethics in Human Research of *Faculdade de Medicina de Botucatu*, Brazil, Process 15949613.6.0000.5411, approved in 5/7/2013.

RESULTS
=======

A total of 1,619 HA-BSI were included in the study. Of these, 1,417 had bacterial etiology (55.8% GNB, 44.2% GPC). Among GNB infections, 22.4% were caused by *A. baumannii*. When all groups were compared to the overall period reference ([Table 1](#t1){ref-type="table"}, [Figures 1](#f01){ref-type="fig"} and [2](#f02){ref-type="fig"}), higher temperature parameters were found for bacteria GNB and *A. baumannii,*whereas fungi were associated with lower temperatures. Humidity parameters were higher than the reference for bacteria and GPC and lower for fungi and *A. baumannii*. On the other hand, lower temperatures were identified in the days preceding HA-BSI of fungal etiology.

Table 1Comparison of the immediate meteorological parameters preceding the diagnosis of bloodstream infection with overall data from the study period. *Hospital das Clínicas* from *Faculdade de Medicina de Botucatu*. January 2005 -- December 2010.CategoryNumber of observationsTemperature (°C)Relative humidity (%)  AverageStandard errorAverageStandard errorOverall data (reference)2,81520.992.6670.2010.76Fungi204**19.662.3466.7412.37**Bacteria1,417**21.842.7471.2910.27** Gram-positive cocci62720.932.83**73.408.55** Gram-negative bacilli790**21.762.51**69.9111.18* Acinetobacter baumannii*177**22.992.6263.8210.23**[^2][^3]

Figure 1Boxplot of seven-day average temperature parameters for the overall period and all study groups.

Figure 2Boxplot of seven-day average relative humidity parameters for the overall period and all study groups.

[Table 2](#t2){ref-type="table"} presents the results from logistic regression models aimed at identifying weather predictors of HA-BSI etiology. Temperature was positively associated with bacterial etiology as well as with infections caused by GNB as a whole or *A. baumannii*. The recovery of overall bacteria was likely to occur in periods of greater relative humidity. However, humidity was negatively associated with GNB and *A. baumannii*. These results were unaffected by the adjustment for subject demographics and admission parameters.

Table 2Univariate and multivariable logistic regression models for the association of immediate meteorological parameters and the etiology of bloodstream infections.Predictive factorsCrude OR95%CIAdjusted OR195%CIAdjusted OR295%CIAdjusted OR395%CIAdjusted OR395%CIBacteria 1,417 *versus Fungi*204        Temperature (°C)**1.251.19;1.321.251.18;1.311.251.19;1.321.261.19;1.331.261.19;1.33** Relative humidity (%)**1.041.02;1.051.041.02;1.051.041.02;1.051.031.02;1.051.031.02;1.05** Intensive care unit-- -- **0.710.52;0.99**0.880.63;1.240.880.63;1.24 Time since admission-- -- 1.000.99;1.011.000.99;1.011.000.99;1.01 Age (years)-- -- -- **1.021.01;1.031.021.01;1.03** Sex feminine-- -- -- 1.030.75;1.401.030.75;1.40GNB 790*versus*GPC 627         Temperature (°C)**1.121.08;1.171.141.10;1.191.141.10;1.191.141.10;1.191.141.10;1.19** Relative humidity (%)**0.960.95;0.970.960.95;0.970.960.95;0.970.960.95;0.970.960.95;0.97** Intensive care unit-- -- 0.790.62;1.00**0.750.59;0.960.750.59;0.96** Time since admission-- -- 1.000.99;1.001.000.99;1.001.000.99;1.00 Age (years)-- -- -- 1.000.99;1.001.000.99;1.00 Sex feminine-- -- -- 1.210.98;1.511.210.98;1.51*Acinetobacter baumannii*177*versus*other GNB 613     Temperature (°C)**1.231.14;1.331.261.16;1.371.261.16;1.381.261.16;1.371.261.16;1.37** Relative humidity (%)**0.950.93;0.960.940.93;0.960.940.93;0.960.940.93;0.960.940.93;0.96** Intensive care unit-- -- 0.730.49;1.110.750.49;1.130.750.49;1.13 Time since admission-- -- 1.000.99;1.001.000.99;1.001.000.99;1.00 Age (years)-- -- -- 1.000.99;1.011.000.99;1.01 Sex feminine-- -- -- 0.890.62;1.280.890.62;1.28[^4][^5][^6]

DISCUSSION
==========

There is now compelling evidence that the incidence of HAI caused by GNB is increased during warm seasons. However, although results from ecological studies have a value of their own, they should be complemented by an analysis conducted on an individual basis. This is an important strategy to address the "ecological fallacy", i.e., the possibility that findings that are valid for aggregated data do not reflect relations on the individual level.[@B8] In epidemiological studies, the assessment of ecological fallacy is of practical importance for the recommendation of interventions targeting both the collectivity and individuals. This study focused on individual outcomes as a means of reducing bias that could arise from ecological fallacy.[@B11]

Our findings generally corresponded with those from previous ecological studies; higher immediate temperature values were associated with gram-negative etiology. Even higher temperatures were found in the days preceding HA-BSI caused by *A. baumannii*. These findings echo results from the ecological analysis performed previously. In that analysis, increases of 4.0% and 13.0% were identified in monthly incidences of GNB and *A. baumannii* HA-BSI for each additional centigrade degree of average temperature.[@B11] Data concerning *A. baumannii* is of utmost interest. Those agents are particularly common in regions with a tropical climate.[@B2] ^,^ [@B7] They are widely disseminated among hospitals in Brazil, and recent reports describe an increase in both overall prevalence and resistance to antimicrobials.[@B18] ^,^ [@B23] In addition, they are the nosocomial pathogen for which most evidence of seasonality has been accumulated.[@B4] ^,^ [@B17] ^,^ [@B24] Hence, *A. baumannii* was highlighted, and a separate analysis of weather determinants was included for HA-BSI caused by this agent. The results, together with those from previous studies, strongly suggest that infection control policies aimed at controlling the dissemination of *A. baumannii*within hospitals should give special attention to the increase in its prevalence during warm months.

Although the recognition of seasonality in human diseases dates back to Hippocrates, the mechanisms underlying this epidemiological behavior are not completely understood. Small changes in seasonal behavior of either the pathogen or its host may give rise to significant fluctuations in the incidence of infectious diseases.[@B10] It can be presumed that a similar phenomenon accounts for seasonality of healthcare-associated GNB infections.

Previous studies raised interesting explanatory hypotheses. First, the ability of GNB to invade human tissues may increase in response to temperature because of the expression of virulence factors.[@B9] Second, the increase in bacterial growth in inanimate reservoirs. These findings correspond with the recent recognition of the importance of environmental contamination in the epidemiology of HAI.[@B25] They are also consistent with the impact of weather in hospitals from tropical countries, including our study hospital. These hospitals generally lack artificial climatization and have several openings to the external environment. However, the findings fail to explain why seasonality of GNB has been reported even in climatized units.[@B22]

In our study hospitals, the 24 wards varied widely with respect to location, contact with the external environment, and climatization (which exists only in intensive care units). However, the association of temperature and humidity with the etiology of HA-BSI was not affected when data on the admission ward was included in the multivariable model. Although a more refined subgroup analysis and longer time span of data collection are necessary to clarify this issue, it seems that GNB prevalence increased throughout the hospital in warm periods.

Studies have suggested that environmental reservoirs outside the hospital increase during summer months. According to this hypothesis, healthcare workers are responsible for the introduction of seasonal GNB into the wards.[@B22] Some authors reported that *A. baumannii*recovered from clinical cultures during warm months are likely to be multidrug susceptible and/or present a polyclonal profile on strain typing methods.[@B4] ^,^ [@B12] While these findings strengthen the hypothesis of a community-associated origin, other studies found a significant increase in infections caused by multidrug-resistant isolates of both *A. baumannii* and *Pseudomonas a* *erugino* *sa* during periods of higher temperature.[@B9] Because multidrug-resistance is a proxy of nosocomial origin, those results point to an increased spread of GNB within hospital units.

A particularly puzzling finding from the present study was the negative association between humidity and GNB or *A. baumannii* etiology. The association was not found in the previous ecological study conducted in the same hospital.[@B11] This aspect of the result emphasizes the differences in the analysis of aggregate and individual data. They may also be due to the paradoxical relation of temperature and humidity during very short time spans.[@B15] Interestingly, the results did not change when the analysis was repeated using only temperature and humidity values from the day of collection of cultures instead of the seven-day average (data not shown).

Finally, another hypothesis that has been raised to explain the summer peaks in GNB infections within hospitals is related to understaffing. Summer vacations can decrease the nurse/patient ratio, thus increasing workload and failure to comply with infection control rules.[@B22] Although understaffing has been consistently associated with an increased risk of HAI,[@B6] no studies have focused on the association between understaffing and seasonal increases of GNB infections in hospitals. Furthermore, in HCFMB, as in many healthcare services in developing countries, understaffing is a phenomenon that persists throughout the entire year.

This study has some limitations. First, it has a retrospective design, and we analyzed data from administrative and microbiology files. Thus, many risk factors for HAI, such as invasive procedures (including central venous catheter) and severity of illness, were not addressed. Second, possible seasonal changes in patient profiles (e.g., demographics, admission diagnosis) or physician behavior were not addressed. Therefore, the selection bias in the study cannot be completely ruled.

However, these analyses were beyond the scope of our objectives, which focused specifically on the impact of environmental factors, including spatial distribution, time of exposure to the hospital environment, and weather data. We did not analyze clonality or antimicrobial resistance among HA-BSI agents. Finally, it was not possible to completely rule out ecological fallacy because the data regarding exposure to weather conditions was measured for the whole city and does not represent the temperature and humidity in each patient room. However, the analysis of individual outcomes increases the consistency of previous purely ecological analyses.[@B11] This study also has strengths, including the number of HA-BSI subjects and the stability of risk factors in all steps of the multivariable analysis.

The results raise new questions regarding GNB seasonality in tropical healthcare settings: what is the relation between seasonality and resistance to antimicrobials? Do specific risk factors (severity of illness, procedures, antimicrobial use, etc.) vary among patients who acquired HAI in different seasons? Is seasonality equal among hospitals located in different regions? We intend to address these questions in future studies.

In conclusion, we found that high temperatures in the seven days preceding the collection of blood cultures were associated with the recovery of bacteria rather than fungi and GNB rather than GPC. Among gram-negatives, higher immediate temperature values were associated with HA-BSI caused by *A. baumannii*. These findings not only reflect a change in the relative incidence among different pathogens but also result (as shown in previous analyses[@B11]) from an absolute increase in the incidence of GNB and *A. baumannii* during warm seasons, which contrasted with the stability in the occurrence of other pathogens. Together, these findings suggest that infection control policies should be reinforced during periods of high temperature. In addition, guidelines for empirical antimicrobial therapy should consider the higher risk for GNB infections during those periods. Moreover, these findings pose new questions for research to contribute to the elucidation of the complex association between climate, weather and HAI.

Based on the doctoral thesis of Silvia Maria Caldeira titled: "Impacto das condições climáticas sobre a etiologia das bacteremias nosocomiais no Hospital das Clínicas da Faculdade de Medicina de Botucatu-UNESP", presented to the Postgraduate Program in Tropical Diseases of the *Faculdade de Medicina de Botucatu*, in 2013.
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